Experimental.-The suspension of tuberde bacilli used was prepared by grinding a loopful (about 3 mg.) of bovine tuberde bacilli with sterile mortar and pestle and suspending them in I cc. of sterile, normal saline.
phonudear exudate, with margination of these cells in the small vessels. The elastic and muscle tissues of the media are well preserved and there are no leukocytes within the vessel wall. The endothelium is in places detached from the internal elastic lamella.
At 12 hours ( Fig. 15 ) there is also a marked exudate in the perivascular tissue and the outer half of the media is diffusely infiltrated with polymorphonudear leukocytes. The tissues of the media show evidence of slight edema. The endothelium is slightly separated from the wall. There is no exudate in the lumen.
At 24 hours (Fig. 16 ) the entire vessel wall is diffusely infiltrated with polymorphonuclear leukocytes, which appear to be passing through the wall into the lumen, although the elastic tissue stain shows very few breaks in the internal elastic lamella and the vessel wall in general is well preserved. The endothelium is again largely detached and the individual cells appear swollen. In the lumen are a moderate number of polymorphonuclear leukocytes and a few thin, spindle-shaped cells resembling detached endothelial cells.
The 72-hour specimen shows a slightly more advanced picture. There are more polymorphonuclear cells in the lumen and the leukocytes scattered through the vessel wall show evidence of pyknosis and disintegration. The media still appears well preserved. In the perivascular tissue there are fewer polymorphonudear leukocytes and a few scattered small round cells. At 4 dlays (Fig. 17) there is very little exudate in the lumen (it may, of course, drop out during the process of fixing and sectioning). Nothing can be seen of the endothelium except a few swollen cells clinging to the internal elastic lamella. The pyknotic remains of leukocytes are still scattered through the media. The inner half of the vessel wall now shows a definite change: very few nuclei can be seen in the muscle tissue, which has a homogeneous, granular appearance with hematoxylin-eosin and stains dark red in Mallory's connective tissue stain. There is also evidence of moderate fragmentation and dissolution of the elastic tissue of this part of the media. In the perivascular region the exudate previously noted is almost entirely replaced by young, vascular, granulation tissue.
After 6 days ( Fig. 18 ) the lumen contains a good many erythrocytes and a mass of necrotic exudate in the lumen, which is lined by a layer of large, spindle-shaped cells with vesicular nuclei and an abundant cytoplasm which is red in Mallory's stain. Between this layer and the internal elastic lamella is an accumulation of polymorphonuclear leukocytes. A good many leukocytes are scattered throughout the media, which, though markedly dilated, does not show definite evidence of necrosis. The region of the adventitia again shows young vascular granulation tissue.
The one week specimen ( Fig. 19 ) presents a striking picture. The lumen contains a necrotic exudate, surrounding which, and at some distance from the vessel wall, is a concentric layer, 2 or 3 cells in thickness, of large spindle-shaped mononuclear cells whose cytoplasm is red-blue in Mallory's stain. At one point this layer is thrown up into two masses which project into the lumen. Some of the cells seen in these masses are rounded, have granular acidophilic cytoplasm, and are morphologically suggestive of large macrophages or "epithelioid" cells (Fig. 20) . The space between this cellular layer and the internal elastic membrane is traversed by fine fibrils which stain blue with Mallory's connective tissue stain, and contains a few leukocytes and large mononuclear cells which, in places, show formations suggestive of endothelium-lined lumina. In the vessel wall, just beneath the internal elastic lamella, are a number of large mononuclear cells. In Weigert's stain the internal elastic lamella shows only occasional breaks in continuity. On the whole, the vessel wall is well preserved, with only a sparse scattering of leukocytes.
PATHOLOGY OF VASCULAR DISEASE
In one of the specimens at 2 weeks (Fig. 21 ) the lumen is completely occluded by a mass of granulation tissue infiltrated with polymorphonuclear leukocytes and large mononuclear cells. In the center of this tissue is a circumscribed collection of large mononuclear cells with large vesicular nudei and acidophilic cytoplasm containing numerous large vacuoles (Fig. 22) . At this period definite vascular channels containing blood are seen for the first time in all parts of the media as well as in the granulation tissue occluding the lumen. The elastic tissue of the media shows considerable fragmentation and dissolution, and the muscle is almost entirely replaced by fibrous connective tissue. The exudate previously noted in the perivascular tissue has completely disappeared. Another vessel sectioned at 2 weeks (Fig. 23) shows a mass of necrotic exudate in the lumen, surrounded by a deep layer of large, spindle-shaped cells and small round cells, among which are collagenous fibrils staining blue in Mallory's stain. The elastic laminae of the media show many breaks, through which large mononuclear cells and capillaries are growing (Fig. 24) .
At 3 weeks there is a central mass of necrotic debris, surrounded by numerous large mononuclear phagocytes which are morphologically similar to those seen at 2 weeks (Fig. 22) , with the exception that their cytoplasm is now granular rather than vacuolated (Fig.  25 ). Surrounding these cells and filling the rest of the lumen is a mass of extremely vascular granulation tissue, infiltrated with large mononuclear and small round cells. The elastic laminae of the media are markedly fragmented and the muscle is again replaced by fibrous connective tissue.
One animal was found dead 11 weeks after injection. The injected segment of vessel was completely replaced by a mass of caseous debris in which none of the original structures of the vessel could be made out. Microscopic examination of liver, lungs, and spleen confirmed the gross diagnosis of disseminated tuberculosis.
To summarize, the sections described show an early polymorphonuclear exudate, which appears first in the perivascular region, passes through the vessel wall into the lumen, eventually becomes necrotic and disappears. This is followed by the appearance of a concentric layer of large spindle-shaped cells, separated from the internal elastic lamella by a loose, fibrillar collagenous network containing a few mononuclear and polymorphonuclear cells. Benda', who investigated the subject carefully, originally favored infection from the blood flowing through the lumen of the vessel, but more recently' he appears to regard this mode of origin as rare.
In tuberculous meningitis the changes in the inner coats of arteries may be divided into three anatomical picturese,: (1) circumscribed intimal tubercles; (2) diffuse tuberculous endarteritis with subendothelial intimal proliferation; and (3), a "hyalinefibrinoid" change of media, intima, or all three coats.
Very few attempts have been made to reproduce tuberculous arteritis experimentally in animals. Hektoen was able to reproduce changes resembling the diffuse endarteritis of tuberculous meningitis by intracarotid injection of tubercle bacilli in the rabbit.
Bernard and Salomon"0 found nodular lesions beneath the endocardium and small fibrinous vegetations of the endocardium and endaorta following intracardiac injection of tubercle bacilli.
The changes observed in the present series differ from the descriptions of tuberculous arteritis given in the literature, unless the "nubbin-like" formations pictured in figures 19 and 20 can be regarded as intimal tuberdes, and probably they cannot. The process seen in our sections need not be regarded, however, as differing essentially from the response to the tubercle bacillus observed in other tissues. As noted above, there is, first, an exudate of polymorphonuclear leukocytes which becomes necrotic and disappears. This is followed by the appearance of large mononuclear phagocytes or "epithelioid" cells which show evidence of phagocytosis of lipoid material. There is also a moderate infiltration with small round cells resembling lymphocytes. The central mass of epithelioid cells is walled off by a proliferation of vascular connective tissue. Finally, the central focus undergoes caseous necrosis, and disseminated tuberculosis ensues. All of these changes may be seen in tuberculous processes in other tissues. It must be noted, however, that no giant cells were seen within the vessel in any of our sections.
The genesis of the epithelioid cell seen in tuberculosis in the rabbit has been traced by Sabin and her co-workers42 43. They believe that it is derived from the monocyte, as is the clasmatocyte or connective tissue macrophage. The monocyte is said to take on the morphological characteristics of the epithelioid cell in the process of phagocytizing the lipoid constituents of the tubercle bacillus. The lipoid material is at first represented in the cytoplasm by large vacuoles which later become transformed into finer and finer droplets by a process of intracellular dispersion. Some of the cells seen by us are strikingly similar to the "first degree" and "second" or "third degree" epithelioid cells pictured in the paper of Smithburn and Sabin47 as characteristic of the response of the rabbit to lipoid fractions of the tubercle bacillus. At 2 weeks (Fig. 22 ) large vacuoles are seen, while at 3 weeks (Fig. 25 ) the cytoplasm has a much more granular appearance.
It is interesting, though perhaps unjustifiable, to suppose that the response to tubercle bacilli in a ligated segment of artery is retarded and modified by the structural characteristics of the vessel wall. That the elastic tissue of the media may act as a barrier to a tuberculous process was suggested by Benda8. McMeans28 29 noted that the internal elastic lamella may resis. the extension of an inflammatory process in the intima. In the sections described above the elastic tissue seems to retain its continuity and staining reaction until the process in the-lumen is relatively far advanced.
It must be pointed out that the process we have described following the injection of tubercle bacilli is presumably superimposed upon, and complicated by, the changes observed following simple double ligation. (See the paper by Carden in this series.) It is difficult 49 50 to assess the relative importance of these two factors. However, Carden observed no polymorphonuclear exudate entering the lumen from without, no accumulation of masses of epithelioid cells, no necrosis, and no extensive injury to the vessel wall. Therefore, these changes may properly be regarded as due to the presence of the tubercle bacillus.
The early polymorphonuclear exudate seen in our sections is similar to that observed by Ramsey and Gaiser (see the preceding paper of this series) following introduction of Streptococcus Liridans into a ligated stretch of vessel, except that in the latter case the exudate was more profuse and damage to the vessel wall was more extensive. The possible presence of a diffusible substance which initiates the early exudative response is suggested by the work of Ramsey and Gaiser, in which a sterile autolysate of Streptococcus viridans produced a response similar to that observed after the injection of the living organisms. It has been repeatedly demonstrated that the vessel wall is permeable to diffusible substances25' 34 36, 39, As to the origin of the large spindle-shaped cells which are seen in the lumen at about one week (Fig. 18 ) no satisfactory answer can be given. Their presence is associated with the appearance of fine fibrils which take the Mallory blue and it seems probable that they represent, at least in part, the same type of cells seen in the early intimal proliferation following simple double ligation, which may be derived from the endothelium6 33' 46 or grow in from the tissue of the media44. As noted previously, one section (Fig. 20) contains a number of rounded cells with vesicular nuclei and granular acidophilic cytoplasm. As to whether these may represent an early stage of the epithelioid cell seen in the later sections and as to whether they may be derived from the endothelium3' 32 no definite conclusion can be reached.
The origin of the granulation tissue which finally fills the lumen (Figs. 21 and 23 ) is also open to question. The possibility that ,it may grow in from the points where the vessel wall has been injured by the ligatures has been suggested by various investigators who performed simple double ligation. Accordingly, longitudinal sections through the ligatures were made in some of our cases. The picture seen (Fig. 26) does not seem to be entirely explainable from the above point of view. The media is relatively intact, there are blood vessels in the wall even at a distance from the ligature, and there is no granulation tissue growing in the opposite direction, i.e., into the uninjected part of the vessel. On the other hand, many of our sections give the impression that this granulation tissue is derived, at least in part, from the vessel wall itself (Fig. 24) .
The perivascular organization is, of course, to be expected as a result of freeing the vessel from surrounding tissue at operation. In an effort to determine the effects of the trauma produced at operation, the carotid artery was dissected free in one animal and the ligatures placed but not tied. No injurious agent was introduced and the vessel was left in situ with the blood passing through it. At the end of 2 weeks the vessel was surrounded by fibrous connective tissue, the media was well preserved, and the only definite change was slight elevation of the endothelium by mononuclear cells which appeared to be coming from the media through small breaks in the internal elastic lamella.
Cholesterol
Expertimental.-The colloidal solution of cholesterol used was prepared by a modification of the methods of Stern"8 and of Rona and Deutsch40. Two grams of crystalline cholesterol (obtained from Wilson and Company) were dissolved in 75 cc. of hot, absolute alcohol. In a large beaker 300 cc. of distilled water were brought to a boil and a glass tube arranged to bubble air constantly-through this water. The alcoholic solution of cholesterol was then added in small portions at intervals to the constantly agitated boiling water. The resulting solution was evaporated to 100 cc., filtered, and sterilized. This procedure gave a milky, homogeneous solution of about one per cent concentration, as determined by weighing the particles which adhered to the original vessel and filter paper. The solutions were quite stable in vitro and showed no gross signs of coarsening or settling out, even after standing for several weeks. (The physico-chemical properties of artificially prepared colloidal solutions of cholesterol have been extensively studied by Remesow87, who points out that such solutions are by no means inactive or stable, and are readily precipitated in the body fluids.)
The final series is made up of 12 animals, autopsied at intervals of 24, 40 , and 70 hours, and at 1, 2, and 3 weeks after injection.
At 24 hours (Fig. 27 ) the lumen contains a homogeneous mass of cholesterol which stains orange with Sudan III and in which are seen a few scattered polymorphonuclear leukocytes. The endo-thelium has almost entirely disappeared. The media is well preserved, except for rather indistinct staining of the nuclei of smooth musde cells, and is infiltrated with pyknotic polymorphonudear cells. A diffuse exudate is present in the perivascular tissue.
The picture at 40 hours is similar to that at 24 hours, except that there are more polymorphonuclear cells in the lumen and fewer in the media.
At 70 hours, in addition to numerous polymorphonudear cells mixed with the cholesterol in the lumen, there are great masses of leukocytes with pyknotic nuclei piled up beneath the internal elastic lamella. The vessel wall is edematous, the elastic tissue fragmented in places, the muscle stains a pale pink in Mallory's stain and is apparently diminished in bulk. The perivascular tissue contains only a few leukocytes.
At one week (Fig. 28 ) the lumen contains many erythrocytes but scarcely any leukocytes or other cells. The media shows striking changes in that the inner third appears hyaline, anuclear, and is blue in Mallory's stain; the middle third contains numerous pyknotic nuclei, and the outer third appears relatively unaffected, aside from poor staining of the muscle in Mallory's stain. The elastic tissue maintains its continuity and is not markedly fragmented. The perivascular region shows young granulation tissue.
The picture seen at 2 weeks (Fig. 29) is an interesting one. In the center of the lumen is a focus of necrotic exudate and debris, surrounding which are masses of closely packed large mononuclear cells. Most of these cells are rounded, and their abundant cytoplasm has the "foamy" appearance characteristic of the so-called lipoid or xanthoma cell (Fig. 30) . In the Sudan III stain they are filled with fine, orange-colored granules and droplets. They are pink in Mallory's stain, but among them may be seen fine blue fibrils. The vessel wall is markedly disorganized. The inner part of the media contains numerous large mononuclear cells which are apparently passing into the lumen through breaks in the internal elastic lamella. In the media are numerous vascular channels containing blood. The elastic tissue is fragmented, and the muscle is pale and diminished in amount. The only cells noted in the perivascular granulation tissue are undifferentiated connective tissue cells, fibroblasts, and a few small round cells.
One of the vessels sectioned at 3 weeks (Figs. 31 and 32 The inner half of the media is practically devoid of muscle.
Another vessel sectioned at 3 weeks has a similar appearance, with the addition of large multinudeated giant cells, in the cytoplasm of which may be seen vacuoles and defts (Fig. 33) .
To summarize, the observed response to cholesterol is characterized by an early polymorphonuclear exudate which becomes necrotic and disappears, followed by an accumulation in the lumen of large mononuclear cells with foamy cytoplasm; and, finally, by obliteration of the lumen with granulation tissue and the appearance of giant cells showing evidence of phagocytosis. In the late stages there is marked disintegration of the media.
Discussion.-It has long been known that the parenteral injection of colloidal solutions of cholesterol rarely, if ever, leads.to the formation of atheromatous plaques in the arteries", 22,28,27.88,45.49,51 It is, therefore, not surprising that nothing resembling atheroma was found in the sections just described. In view of these facts, no literature will be cited on the general subject of so-called atherosclerosis in cholesterol-fed rabbits, an excellent discussion of which may be found in the recent critical review by Duff1".
When the experiments described herein were undertaken, it was thought that cholesterol might act as a relatively inert substance in the tissues. That such is not the case is evident from a few references in the literature on the effect of cholesterol injected into the tissues. Remesow88 and Cashin and Moravek12 noted that cholesterol was toxic when injected intravenously. Stern48 observed thrombosis at the site of injection. Zinserling58 and LeCount2 found necrosis and inflammation following subcutaneous or intraperitoneal injection of cholesterol. After subcutaneous injection, Basten4 observed, at 4 days, necrosis and infiltration of polymorphonudear and round cells; at 7 days, marked necrosis, edema, cellular exudate, and phagocytosis of crystals by mononuclear and giant cells; at 14 days, less necrosis but marked accumulation of mononuclear phagocytes and giant cells; and finally, at 4 weeks, a firm nodule of scar tissue. In view of these observations, the evidences -of injury and exudation seen in our preparations are perhaps not surprising. On the whole, the response is similar to that described by the above investigators.
The question of a diffusible substance which may initiate the exudate again arises and again cannot be satisfactorily answered. The possible presence of minute amounts of a soluble impurity in the cholesterol solution cannot be denied.
The large cells with foamy cytoplasm noted at 2 weeks (Fig.  30) are morphologically similar to the lipoid or xanthoma cells seen in the various forms of xanthomatosis41, and in atheromatous lesions2. Cells of this type were observed by Basten4 and by Zinserling5 at the site of subcutaneous injection of cholesterol, and by Anitschkowl in experiments in which he produced local tissue injury and then fed cholesterol. They are generally regarded as belonging to the polyblast-histiocyte-casmatocyte-macrophage-monocyte group and are usually said to be derived from the reticulo-endothelial system1 5 41 49, Anitschkow2, in discussing the lipoid cells found in experimental atherosclerosis of cholesterol-fed rabbits, states that transitional forms between the lipoid cells and the small lymphocytic and monocytic cells of the blood can be seen. He feels that origin from endothelium or connective tissue is unlikely in this case, since the endothelium remains intact over the plaque, and since there is no visible connective tissue between the endothelium and internal elastic lamella in the rabbit. Plewes35 believes that the xanthoma cell and the foam cell of atheroma are of identical origin, i.e., from the reticulo-endothelial system. As to the origin of the cells observed by us, i.e., whether from blood cells, endothelium, or connective tissue, no conclusions can be drawn. It is interesting to note, however, that in general appearance and arrangement they are strikingly similar to the epithelioid cells seen in the tuberculosis series.
Multinucleated giant cells (Fig. 33 ) are frequently observed in pathological processes associated with the deposition of cholesterol2".
They are seen after subcutaneous injection of cholesterol4' 5 and in the lungs after intravenous injection45. They are generally thought to be derived from wandering mononuclear phagocytes"9.
Sumnsary
When the tissue reactions following the introduction of bovine tubercle bacilli and of cholesterol into a doubly ligated stretch of carotid artery in the rabbit are compared, it is evident that there are points of similarity and of dissimilarity. The points of similarity are as follows:
1. In both cases the early reaction consists in the appearance of a diffuse polymorphonuclear exudate, which is first seen in the perivascular tissues, then passes through the vessel wall, invades the lumen, and becomes necrotic.
2. This is followed by proliferation within the lumen of large mononuclear cells which surround a central focus of necrotic exudate.
3. Eventually, the lumen becomes filled, or nearly filled, by vascular granulation tissue, and there is simultaneous appearance of vascular channels in the media. Mark-ed injury to the tissues of the media occurs, evidenced by fragmentation and dissolution of elastic tissue and replacement of smooth muscle by fibrous connective tissue.
In the case of tubercle bacilli, the specific cellular reaction characteristic of the rabbit's response to this organism makes its appearance in the second and third stages. The granulation tissue contains a number of epithelioid cells forming a tubercle-like mass which finally becomes caseous and leads to disseminated tuberculosis.
On the other hand, the response to cholesterol is characterized in the second and third stages by the accumulation of large vacuolated cells of the "xanthoma" type, and, later, by the appearance of foreign body giant cells in the granulation tissue occluding the lumen. It is seen that the reaction of the vessel to simple double ligation alone is relatively slight during the first two weeks; that the media and adventitia take little part in the reaction, and that not until many days have elapsed is there any noteworthy response on the part of the intima; this consists of an orderly proliferation of cells, followed by invasion of the lumen with granulation tissue. The reactions occurring after the injection of injurious agents, on the other hand, have been more rapid, more acute in type, and have involved all three coats of the artery.
The reaction to all of the injurious substances used is strikingly similar in the early stages. The first histological evidence of injury in every case is the appearance within about 24 hours of an exudate in the perivascular tissues. This exudate consists largely of polymorphonuclear cells which are seen to pass subsequently into the vessel wall and thence into the lumen, where necrosis of the cells of the exudate may occur. Following this, injury to the fixed elements of the vessel wall manifests itself by the loss of staining reactions and disappearance of the smooth muscle fibers of the media, accompanied by fragmentation, swelling, and dissolution of the elastic lamellae. In the case of the virulent streptococcus, the acute reaction persists with the ultimate destruction of the elements of the vessel wall. On the other hand, the injection of tubercle bacilli and colloidal cholesterol is followed by the proliferation of connective tissue elements, by accumulation of large mononuclear cells, and by *Summarizing the three preceding papers. the appearance of a vascular granulation tissue. In the case of the tubercle bacilli the cellular proliferation is largely composed of young epithelioid cells and monocytes, with resultant tuberde formation; the end-result is a typical tuberculous granulation tissue.
The cells which proliferate following the injection of cholesterol are large mononuclear cells filled with clear vacuoles and resembling the so-called xanthoma cells. The end-result is a granulation tissue containing many of these cells as well as many large foreign-body giant cells. In the case of silica, the cells which are most in evidence are difficult to distinguish from ordinary fibroblasts, and the resultant granulation tissue is very dense. The specific nature of the irritant employed thus puts its mark upon the histologic picture, but does not alter the general course of events.
A significant point would seem to be the initial accumulation of the polynuclear cells in the adventitia and connective tissues surrounding the vessel, and the orderly progression of these cells from without inward to the lumen. In no instance was the immediate reaction seen to occur in the intima or to involve the intima to any great extent. On the other hand, the later reactions which consisted largely of cellular proliferations uniformly appeared to originate in the intima. It cannot be stated that these cells are genetically derived from the endothelium but only that the first evidence of proliferation consists of a gathering of cells adjacent to the -internal elastic lamella and in many cases indistinguishable from the cellular elements comprising the intima.
The experiments as carried out do not throw any light on the mechanism which determines that the initial reaction shall occur in the outer tissues of the vessel rather than in the intimal surface; neither do they throw any light on the subject of the origin of the vessels which are seen to grow into the granulation tissue, other than the observation that at the same time vessels are seen traversing the media and intima where ordinarily no vessels are seen.
